Efficiency of rehabilitation after acute myocardial infarction  by Chen, Hui-Ming et al.
Kaohsiung Journal of Medical Sciences (2015) 31, 351e357Available online at www.sciencedirect.com
ScienceDirect
journal homepage: http: / /www.kjms-onl ine.comORIGINAL ARTICLEEfficiency of rehabilitation after acute myocardial
infarction
Hui-Ming Chen a, Chih-Kuang Liu b,c,d, Hui-Wen Chen b,c,e,*,
Ben-Chang Shia f, Mingchih Chen b, Chi-Hsiang Chung ga Department of Nursing, Cardinal Tien College of Healthcare & Management, Taipei,
Taiwan
b Department of Graduate Institute of Business Administration, Fu Jen Catholic University,
Taipei, Taiwan
c Department of Medicine, Fu Jen Catholic University, Taipei, Taiwan
d Department of Urology, Taipei City Hospital (Zhong-Xing Branch), Taipei, Taiwan
e Department of Physical Medicine and Rehabilitation, Fu Jen Catholic Hospital, Taipei,
Taiwan
f Department of School of Health Care Administration, Taipei Medical University, Taipei,
Taiwan
g Taiwanese Injury Prevention and Safety Promotion Association, Taipei, TaiwanReceived 14 January 2015; accepted 22 April 2015
Available online 16 June 2015KEYWORDS
Acute myocardial
infarction;
Cardiac
rehabilitation;
Medical cost;
Recurrence rateConflicts of interest: All authors d
* Corresponding author. Department
Xinzhunagm District, New Taipei City
E-mail address: chenhuiwen2180@
http://dx.doi.org/10.1016/j.kjms.201
1607-551X/Copyright ª 2015, KaohsiuAbstract The purpose of this study was to evaluate the recurrence rate and medical
expenses of acute myocardial infarction (AMI) following inpatient cardiac rehabilitation. A to-
tal of 834 patients with AMI were divided into Group 1 (with inpatient cardiac rehabilitation)
and Group 2 (without inpatient cardiac rehabilitation). The results showed that Group 1 had a
lower AMI recurrence rate (a 0.640-fold lower hazards ratio) than Group 2 [95% confidence in-
terval (CI) Z 0.197e1.863; pZ 0.004]. Compared with the medical costs of Group 2, Group 1
also had lower medical costs (a 0.947-fold lower hazards ratio) than Group 2 (95% CI Z 0.934
e0.981; pZ 0.042). These findings have implications for the decision making of clinicians and
health policymakers attempting to provide adequate services for patients with AMI.
Copyright ª 2015, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.eclare no conflicts of interests.
of Physical and Medicine Rehabilitation, Fu Jen Catholic University, Number 510, Zhongsheng Road,
24205, Taiwan.
yahoo.com.tw (H.-W. Chen).
5.04.012
ng Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
352 H.-M. Chen et al.Introduction
Coronary heart disease is the most frequently occurring
heart disease, of which acute myocardial infarction (AMI) is
one of the most severe. The major complications of AMI are
cardiogenic shock, heart failure, and arrhythmia. The
extent of cardiac rehabilitation can affect the outcome of
AMI [1,2]. Cardiac rehabilitation can improve cardiopul-
monary function and positively affects risk factors for heart
disease (e.g., hypertension, diabetes, and hyperlipidemia)
[3], reduces the recurrence rate of AMI, reduces mortality
rate by 20e24%, and improves quality of life [4e8].
There are three phases of cardiac rehabilitation. Phase I
is from admission to discharge, Phase II is from discharge to
6 weeks following AMI onset, and Phase III is from 6 weeks
to 3 months after AMI onset. Phase I is inpatient cardiac
rehabilitation and Phases II and III are outpatient cardiac
rehabilitation. Inpatient cardiac rehabilitation can reduce
complications of being bed ridden, reduce patients’ anxi-
ety, and educates patients on topics such as the importance
of risk factor control and of returning to independent daily
activity [9]. The inpatient cardiac rehabilitation participa-
tion rate is correlated with the outpatient cardiac reha-
bilitation rate. Only a few studies have discussed the
benefits of inpatient cardiac rehabilitation for AMI patients.Hospitalized events from the Longitudinal Hea
Taiwa
(128,935 events; 80,
Without outpatient or inpa
First inpatient due to AMI wit
(920 individual
Study samples (83
With rehabilitation
Group 1
(64 individuals)
Lost to follow-up
21 individuals
5-year foll
Group 1
(43 individuals)
Figure 1. The flowchart of the study sample of inpatients from
AMI Z acute myocardial infarction; CABG Z coronary artery bypaSantos-Hiss et al [10] found that inpatient cardiac rehabil-
itation can reduce heart rate variability after AMI. Babu
et al [11] also found lower rates of perceived exertion after
inpatient cardiac rehabilitation programs. Cardiac rehabil-
itation is clearly critical to AMI. This study evaluated the
recurrence rate of AMI and medical expenses following
inpatient cardiac rehabilitation.
Materials and methods
This study analyzed Taiwan’s 2000e2010 National Health
Insurance Research Database (NHIRD) released by the
National Health Research Institutes for public research
purposes. Retrospective data were used. The NHIRD is an
administrative database containing all health care service
records for the 23 million people living Taiwan (coverage
rate > 99%).
The patients of the study were those who were admitted
to hospital with a diagnosis of AMI and received percuta-
neous coronary intervention (PCI) treatment between 2005
and 2006. Patients younger than 18 years and those who
received coronary artery bypass graft (CABG) treatment
were excluded from the study. A total of 86 patients were
excluded from this study. The study population consisted of
834 patients (Figs. 1 and 2). A total of 402 patients werelth Insurance Database (LHID) in 2005 in 
n
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the National Health Insurance Research Database in Taiwan.
ss graft; PCI Z percutaneous coronary intervention.
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Figure 2. The flowchart of the study sample of outpatient selection from the National Health Insurance Research Database in
Taiwan.
AMI rehabilitation efficiency 353lost to follow up because they were not admitted, and 223
patients were lost to follow up because they never received
outpatient services from 2006 to 2010.
In Taiwan, the length of stay of AMI patients is between 7
days and 14 days. However, cardiac rehabilitation is still not
a mandatory medical treatment. The independent variable
in the study was with/without inpatient cardiac rehabili-
tation. Cardiac rehabilitation is based on a protocol found in
the American Heart Association guidelines [11]. In the pro-
tocol, AMI patients begin cardiac rehabilitation when they
are in a stable condition. The Phase I cardiac rehabilitation
includes range of motion, muscle strengthening, breathing,
and chest expansion exercises. The patients were divided
into two groups; Group 1 was defined as AMI patients with
inpatient cardiac rehabilitation and Group 2 was defined as
those without inpatient cardiac rehabilitation.
The dependent variables of the study were the AMI
recurrence rate and outpatient medical expenses measured
5 years after discharge. The confounding variables included
age, sex, level of care, diabetes, hypertension, hyperlip-
idemia, chronic renal disease, and the Charlson Comor-
bidity Index (CCI). The CCI was first developed by Charlson
et al [12]. Subsequently, Deyo et al [13] used the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes to classify the original CCI
categories.This study used SPSS version 18.0 (SPSS Inc., Chicago, IL,
USA) software for statistical analysis. Student t test and
Chi-square analyses were used to compare associations and
differences in the AMI recurrence rate and outpatient
medical expenses between the two groups. Because the
expenses did not fit a normal distribution, a logarithmic
function was used to transfer them before the regression
analysis. A Cox regression analysis in a generalized esti-
mating equations model, including adjustment for the
confounding variables, was used to assess the effect of
inpatient cardiac rehabilitation on the AMI recurrence rate
and outpatient medical expenses of the two groups.Results
The characteristics of sex and age of the AMI inpatients with
and without inpatient cardiac rehabilitation showed 62.5%
male patients in Group 1 and 66.1% in Group 2. There were
moremale than female patients in both groups. Themeanage
of Group 1 was 65.6  12.0 years, and of Group 2 was
66.1  15.5 years. There was no significant difference be-
tween thetwogroups.Table1 shows thecharacteristics of the
AMI inpatientsat the5-year followup.Group1hada lowerAMI
recurrence rate than Group 2 did (9.3% vs. 11.6%, pZ 0.045).
There is no significant difference between the two groups
Table 1 Characteristics of inpatients older than 18 years with and without rehabilitation tracked after 5 years in Taiwan
(n Z 432).
With rehabilitation (n Z 43) Without rehabilitation (n Z 389) p
n % n %
AMI 0.045*b
Yes 4 9.3 45 11.6
No 39 90.7 344 88.4
Sex 0.567b
Male 27 62.8 244 62.7
Female 16 37.2 145 37.3
Age (y)a 68.4  12.2 68.6  1 4.9 0.939c
Age group (y) 0.449b
18e24 0 0 1 0.3
25e44 1 2.3 30 7.7
45e64 15 34.9 104 26.7
 65 27 62.8 254 65.3
Hypertension 0.134
Yes 28 65.1 214 55.0
No 15 34.9 175 45.0
Hyperlipidemia 0.072
Yes 1 2.3 39 10.0
No 42 97.7 350 90.0
Diabetes 0.085
Yes 19 44.2 126 32.4
No 24 55.8 263 67.6
Chronic renal disease 0.234
Yes 3 7.0 14 3.6
No 40 93.0 375 96.4
Charlson Comorbidity Indexa 1.6  1.1 1.4  1.6 0.263c
Level of care 0.895b
Medical center 16 37.2 144 37.0
Regional hospital 18 41.9 174 44.7
Local hospital 9 20.9 71 18.3
*p < 0.05.
a Mean  SD.
b Chi-square test/Fisher’s exact test.
c Independent samples t test.
354 H.-M. Chen et al.regarding the characteristics of sex, age, diabetes, hyper-
tension, hyperlipidemia, chronic renal disease, the CCI, or
level of care. Table 2 shows the characteristics of the AMI
outpatients at the 5-year follow up. Group 1 had lower med-
ical costs than Group 2 did (NT$271,744.00  503,443.10 vs.
NT$293,992.10  401,541.80, pZ 0.046). There was no sig-
nificant difference between the two groups regarding the
characteristics of sex, age, hypertension, hyperlipidemia,
diabetes, chronic renal disease, the CCI, or level of care. As
shown in Table 3, after adjustment for the effect of the
confounding variables (i.e., sex, age, hypertension, hyper-
lipidemia, diabetes, chronic renal disease, the CCI, and level
of care), Group 1 had a 0.640-fold lower AMI recurrence rate
[95% confidence interval (CI)Z 0.197e1.863;pZ 0.004] than
Group 2. As shown in Table 4, after adjustment for the effects
of the confounding variables (i.e., sex, age, hypertension,
hyperlipidemia, diabetes, chronic renal disease, the CCI, and
level of care), Group 1 had 0.947-fold lower medical costs
7(95% CIZ 0.934e0.981; pZ 0.042) than Group 2.Discussion
Approximately 70% of patients with AMI are old; however,
an increasing number of patients with AMI are aged < 40
years recently. The cost of each AMI episode is high and can
affect their quality of life [14,15]. The results of a meta-
analysis of 10 randomized clinical trials of 4347 patients
suggested that comprehensive cardiac rehabilitation has a
beneficial effect on mortality [16]. The Global Secondary
Prevention Strategies to Limit Event Recurrence After
Acute Myocardial Infarction (GOSPEL) study results for
global secondary-prevention strategies indicated that car-
diac rehabilitation reduces nonfatal myocardial infarction
[1.4% vs. 2.7%; hazard ratio (HR) Z 0.52; 95%
CI Z 0.31e0.86] [17]. A marked improvement in lifestyle
habits (e.g., exercise, diet, psychosocial stress manage-
ment, and body weight control) and in the prescription of
drugs for secondary prevention was seen in the cardiac
rehabilitation group [6].
Table 2 Characteristics of outpatients older than 18 years with and without rehabilitation tracked after 5 years in Taiwan
(n Z 611).
With rehabilitation (n Z 50) Without rehabilitation (n Z 561) p
n % n %
AMI 0.675b
Yes 2 4.0 18 3.2
No 48 96.0 543 96.8
Age (y)a 69.5  11.6 67.3  15.5 0.210c
Age group (y) 0.279b
19e24 0 0 3 0.5
25e44 1 2.0 49 8.7
45e64 14 28.0 176 31.4
 65 35 70.0 333 59.4
Charlson Comorbidity Indexa 0.8  1.1 0.7  1.0 0.556c
Hypertension 0.447b
Yes 16 32.0 169 30.1
No 34 68.0 392 69.9
Hyperlipidemia 0.043b*
Yes 1 2.0 55 9.8
No 49 98.0 506 90.2
Diabetes 0.179b
Yes 4 8.0 77 13.7
No 46 92.0 484 86.3
Chronic renal disease 0.319b
Yes 4 8.0 31 5.5
No 46 92.0 530 94.5
Level of care 0.187b
Medical center 12 24.0 141 25.1
Regional hospital 15 30.0 144 25.7
Local hospital 11 22.0 74 13.2
Physician clinics 12 24.0 202 36.0
Medical cost (NT$)a 271,744.0  503,443.1 293,992.1  401,541.8 0.046*c
*p < 0.05.
a Mean  SD.
b Chi-square test/Fisher’s exact test.
c Independent samples t test.
AMI rehabilitation efficiency 355Previous studies have indicated that age, sex, level of
care, and comorbidity could contribute to AMI recurrence
rates [18], finding that cardiac rehabilitation improved the
patients’ muscle strength and agility. None of these studies
were able to prove a correlation between inpatient cardiac
rehabilitation and AMI recurrence. The results of our study
showed that patients who received inpatient cardiac
rehabilitation had lower AMI recurrence (a 0.640-fold lower
HR) than those who never received inpatient cardiac
rehabilitation (95% CI Z 0.197e1.863; p Z 0.004). These
findings reveal that inpatient cardiac rehabilitation may be
a factor contributing to AMI recurrence.
Previous studies have shown that cardiac rehabilitation
can reduce health care expenses when appropriately
executed [15,19,20]. Specifically, they have indicated that
AMI patients managed on a full clinical pathway (including
cardiac rehabilitation) hada shortermean lengthof stay than
patients notmanaged on a clinical pathway. They have found
the accelerated cardiac rehabilitation protocol to be signif-
icantly less costly than patients without rehabilitation. The
results of our study also showed that patients who received
inpatient cardiac rehabilitation had lower medical expenses(a 0.940-fold lower HR) than those who never received
inpatient cardiac rehabilitation7 (95% CI Z 0.934e0.981;
p Z 0.042). Our study further indicates that AMI patients
should receive cardiac rehabilitation as early as possible.
It is unclear why the Group 2 AMI patients did not
receive inpatient cardiac rehabilitation. Some studies have
indicated that the extent of cardiac rehabilitation depends
on either personal reasons or access to health care services
[19]. Cardiologists rarely consult rehabilitation doctors to
address patients’ cardiac rehabilitation needs, with only
8% of AMI patients in Taiwan receiving rehabilitation ac-
cording to our study. By contrast, 50% of AMI patients
receive rehabilitation in Europe, 30% in England and Can-
ada, and 20% in the United States [20,21]. However, a lack
of coordination between physicians may prevent AMI pa-
tients from receiving appropriate and timely cardiac
rehabilitation.
This study has three limitations. Firstly, the study used
NHIRD data for all of the analyses. Although the NHIRD is a
population-based administrative database containing in-
formation on the 23 million inhabitants of Taiwan, some
coding errors might exist in the database; such errors could
Table 3 Comparing inpatients older than 18 years due to
AMI with and without rehabilitation tracked after 5 years by
using Cox regression in a GEE model in Taiwan (n Z 432) a.
Adjusted HR 95% CI p
Rehabilitation
With 0.640 0.197e1.863 0.004**
Without Ref
Sex
Male 0.901 0.500e1.624 0.729
Female Ref
Age (y) 1.026 1.001e1.050 0.039*
Hypertension
Yes 1.167 0.620e2.195 0.633
No Ref
Hyperlipidemia
Yes 0.583 0.173e1.966 0.384
No Ref
Diabetes
Yes 1.793 0.984e3.270 0.057
No Ref
Chronic renal disease
Yes 1.144 0.269e4.873 0.856
No Ref
Level of care
Medical center 0.496 0.220e1.118 0.091
Regional hospital 0.682 0.324e1.433 0.312
Local hospital Ref
Charlson Comorbidity
Index
1.162 1.011-1.336 0.034*
*p < 0.05.
**p < 0.01.
a Dependent variable was inpatients due to AMI (yes/no).
Omnibus test of the model was p Z 0.018.
Table 4 Comparing medical costs of outpatients aged
over 18 years with and without rehabilitation tracked after
5 years by using linear regression in a GEE model in Taiwan
(n Z 611).a
Adjusted RR 95% CI p
Rehabilitation
With 0.947 0.934-0.981 0.042*
Without Ref
AMI
Yes 1.003 0.989e1.125 0.058
No Ref
Sex
Male 0.953 0.872e1.041 0.289
Female Ref
Age (y) 1.002 1.001e1.003 0.020*
Charlson Comorbidity
Index
1.028 1.003e1.025 0.013*
Hypertension
Yes 1.028 0.914e1.196 0.498
No Ref
Hyperlipidemia
Yes 1.075 0.852e1.391 0.275
No Ref
Diabetes
Yes 1.013 0.975e1.334 0.182
No Ref
Chronic renal disease
Yes 0.977 0.924e1.003 0.056
No Ref
Level of care
Medical center 1.713 0.857e2.483 0.443
Regional hospital 1.625 0.851e2.127 0.267
Local hospital 1.052 0.878e1.434 0.575
Physician clinics Ref
*p < 0.05.
a Dependent variable was log (medical costs). Because medi-
cal costs were not normally distributed, we used a logarithm.
Omnibus test of the model was p Z 0.001.
356 H.-M. Chen et al.underestimate medical expenses, as well as AMI recur-
rence. However, because the Bureau of National Health
Insurance has closely monitored the diagnosing of AMI, the
effect of misdiagnosis should be minimal.
Secondly, there is likely to be residual confounding in
the study results. However, the study included the variables
of age, sex, hypertension, hyperlipidemia, diabetes,
chronic renal disease, level of care, and the CCI as control
variables in the regression model to minimize the con-
founding of AMI recurrence and medical expenses. Through
these methods, our study results more accurately reflected
the real impact of inpatient cardiac rehabilitation on AMI
recurrence and medical expenses at the 5-year follow up.
Thirdly, a total of 402 patients were lost to follow up
because they were not admitted, and 223 patients were
lost to follow up because they never received outpatient
services from 2006 to 2010. The lost to follow up patients
were those who we could not collect a complete 5-year
data on. We may try a prospective study to reduce the
number of patients lost to follow up in the future.
The study explored the effect of inpatient cardiac
rehabilitation on AMI recurrence and medical expenses,
measured 5 years after discharge. The participation rate of
AMI patients in inpatient cardiac rehabilitation is low in
Taiwan. To improve the participation rate of AMI patients in
inpatient cardiac rehabilitation in the future, inpatientcardiac rehabilitation for AMI patients should be empha-
sized. Cross-disciplinary collaboration among cardiologists,
rehabilitation teams, and strategists of health policies
should be considered.Acknowledgments
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